Objectives: To assess the dental status of institutionalized intellectually disabled individuals in Lebanon and the role of background and behavioural determinants. Material and Methods: Oral health was recorded for 652 individuals (6, 12, 15 and 35 -44 years old) using the decayed, missing and filled teeth/decayed and filled teeth (DMFT/dft) index. Data collected was statistically analysed with statistical significance set at P = 0.05. Results: Overall, mean DMFT index score was 5.86 (SD 6); composed of 3.64 (SD 4.05) decayed (D) teeth; 1.71 (SD 4.38) missing (M) teeth; 0.87 (SD 2.51) filled (F) teeth. DMFT was highest in adults (12.71 [SD 7.43]) and had a large component of missing (6.24 [SD 7.02]) and filled (3.31 [SD 4.56]) teeth. DMFT scores ranged between 3.5 (SD 4.44) at 6 years and 4.8 (SD 4.52) at 15 years and the decayed component was the main contributor. In multivariate analyses, governorate of residence was statistically significantly (P ≤ 0.040 and P ≤ 0.044) associated with D and DMFT, the degree of disability and caretaker educational level were statistically significantly (P = 0.009 and P = 0.008) associated with D, oral hygiene practices were statistically significantly (P ≤ 0.017; P < 0.001; P ≤ 0.017; P < 0.001) associated with D, M, F and DMFT and sugar consumption was statistically significantly (P ≤ 0.03 and P ≤ 0.019) associated with D and DMFT. Conclusions: In Lebanon, preventive and treatment programs to improve the oral health status of institutionalized intellectually disabled subjects are needed.
INTRODUCTION
Intellectual disability is a developmental condition that is characterized by significant deficits in both intellectual functioning and adaptive behaviour including conceptual, social and practical skills [1] . Inhibiting participation in society for about 500 million people world-wide, intellectual disability is the most common developmental disorder affecting approximately 9 -19% of the entire global population [2] . There is increasing evidence that oral health, which is crucial for proper mastication, aesthetics, communication, appearance and quality of life, is deficient in the mentally disabled population [3] [4] [5] [6] . Aesthetically unacceptable and functionally inadequate dentitions affect self-esteem, confidence and psychological status [7] , which is often already compromised in individuals affected by developmental disabilities. Poor oral health in the intellectually disabled has been attributed to several causes, including the individual's inability to achieve proper oral hygiene; the person's incapacity to express their pain and discomfort or by the parent or caregivers to evaluate their oral condition; and to the lack of resources, organizational support and knowledgeable professionals [8] [9] [10] [11] . There appears to be a general agreement that dental treatment is one of the greatest unattended health needs of disabled individuals but these needs are nonetheless grossly under-estimated by both caregivers and the dental profession [12, 13] . The reported associations between poor oral health in the intellectual disabled and the severity of the disability, parental education and socioeconomic status further highlight the social inequalities experienced by this vulnerable population [14, 15] . It has been estimated that up to 80% of intellectually disabled individuals reside in developing countries [16] . Yet, despite recent growing research interest in the oral health of disabled individuals globally, the oral health and treatment needs of these populations in low income and developing countries have not nearly been adequately assessed [17] . Although there are at least 27,500 intellectually disabled individuals in Lebanon, an estimate that represents more than 28% of all disabled Lebanese individuals [18] , the oral health conditions and treatment needs of this population have not previously been assessed. The aim of the present study was to explore the dental status of institutionalized intellectually disabled individuals in Lebanon, and to investigate the associations between the number of decayed, filled and missing teeth with selected background and health related behaviours and characteristics. Disabled persons who were absent or unable to cope with the clinical examination or whose lack of cooperation prevented the adequate collection of all measures of interest were excluded from the study.
MATERIAL AND METHODS

A
Data collection
All 49 registered institutions for the intellectual disability across the Lebanese territory were approached and all but one, located in Mount Lebanon, approved participation in the study. Out of 703 institutionalized individuals belonging to the 4 targeted age groups, 652 (92.7%) were examined. Data collection included two components: 1) a questionnaire filled by the participants' caretakers that collected information on background characteristics (age, sex, and governorate of residence), arrangement with the institution and characteristics of primary caretaker (relation to disabled person and education), type of disability and severity, oral hygiene practices (i.e. frequency of brushing) and dietary habits (i.e. consumption of sweets between meals) and 2) a clinical examination that assessed each participant's oral health status as per the World Health Organization (WHO) oral assessment form (1997) [19] . Clinical examinations were carried out by a trained dental practitioner with more than 15 years of experience in providing oral care to disabled individuals (the researcher), using appropriate protective infection control measures (disposable gloves, masks and sterile equipment). Each participant was seated under adequate room lighting and examined using sterile mouth mirrors and WHO probes.
Measures
Caries exposure was recorded using the decayedmissing-filled teeth (DMFT) index which records all teeth with known decay experience,
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i.e. untreated decay (D), missing teeth due to caries (M), and filled (F) teeth [19] . The notation decayed, filled teeth (dft) was used to distinguish primary teeth. This data constituted the four main outcomes of the study (per individual): the total numbers of 1) decayed; 2) missing and 3) filled teeth in addition to 4) the total number of decayed, missing and filled teeth (DMFT/dft index). The total number of missing teeth refers to missing permanent teeth only whereas the number of decayed and filled teeth and the DMFT/ dft index include pooled data for both primary and permanent teeth.
Statistical analysis
Descriptive statistics were generated to detail the distribution of the examined institutionalized participants across the various background, disability, health and nutritious practices. Bivariate analyses assessing associations between the possible predictors and the four main outcomes were conducted using simple linear regressions. Parametric data were expressed as mean and standard deviation (M [SD]), degrees of freedom, F statistics and P values.
Variables associated with the outcomes studied at P < 0.2 at the bivariate analyses were included in multiple regression analyses. The variable "teeth affected" was included to the multivariate models to differentiate between primary and permanent teeth. Regression coefficients, standard errors, 95% confidence intervals (CI) and two-sided P values were generated for the multivariate regression models. Statistical significance level was defined at P = 0.05. The IBM ® SPSS ® Statistics 20.0 and Stata/ SE 11.1 statistical packages were used to carry out all statistical analyses. caretaker (89.7%) rather than an institution caretaker and this caretaker had completed only secondary education or less (82.4%) compared to 17.6% with College or University education. Most subjects were not taking any medications for their disability at the time of their examination (81%).
RESULTS
Background characteristics
Oral health status
Overall, the DMFT score was 5.86 (6); composed of 3.64 (4.05) decayed teeth, 1.71 (4.38) missing teeth and 0.87 (2.51) filled teeth (Table 1) . There was a clear trend of increasing overall index with increasing age: increasing from a dft = 3.5 (4.44) at 6 years to DMFT = 4.8 (4.5) at 15 years and then to 12.71 (7.43) at 35 -44 years. However, the number of untreated decays was actually lowest in the adult group (3.17 [4.11] ) and the highest contributors to the overall DMFT in this age group were the missing (6.24 [7. 02]) then the filled (3.31 [4.56] ) teeth. On the other hand, the decayed teeth constituted the main component of the DMFT/dft score for all other age groups (Table 1) .
Oral hygiene and nutrition practices
The majority of participants brushed ≥ 2/day independently (37.4%) followed by those that brushed 1/day without assistance (27.5%) and only a minority (6%) did not brush their teeth at all. Therefore, at least 64.9% of the sample brushed independently without receiving assistance. Similar proportions brushed either ≥ 2/day with help (10.6%), 1/day with help (7.8%) and rarely brushed their teeth (10.7%).
The majority consumed sweets between meals more than twice a day (32%) and regularly consumed a combination of both home-cooked meals and fast food and pastries (64.1%). Those consuming mainly home cooked meals were around one third (33.7%) while those consuming predominantly only fast food and pastries were a small minority (2.2%). Almost one fifth reported not to consume sugars between meals at all (17.2%) and a similar proportion only 1/day (21.5%) whereas only 1.5% reported to rarely consume sugars between meals.
Background predictors of oral health outcomes
The distinction between primary and permanent teeth was not significant in any of the multivariate assessments of the combined or separate outcomes, suggesting that the predictors of these outcomes are similar regardless of the primary or permanent nature of the tooth (P > 0.05) ( Tables 2 and 3) .
Gender was not associated with any of the assessed outcomes, whereas age was a significant predictor of the number of missing teeth (P < 0.001), filled teeth (P = 0.009) and overall DMFT score (P < 0.001). In all cases, only adults had significantly higher scores than children -12 and 15 year olds having similar D, M and DMFT scores to 6 year old children (P > 0.05) ( Tables 2 and 3 ). Although the governorate of residence was not significantly associated with the total number of missing and filled teeth, it was a significant predictor of the total number of decayed teeth and the overall DMFT scores when controlling for all other characteristics (P ≤ 0.044) ( Tables 2 and 3 ). Controlling for all other variables, subjects residing in the South, Beirut and Bekaa all had significantly higher numbers of decayed teeth than those in the North (regression coefficient [Coef.] = 1.14 to 2.26, P ≤ 0.006) ( Table 2) . With respect to overall DMFT score, residents of Beirut had significantly worse DMFT scores than all those residing in any of the 4 other regions (Coef. = -2.12 to -2.8; P ≤ 0.005) ( Table 3) .
Predictors of oral health related to disability and arrangement
The degree of intellectual disability was found to be a significant predictor only of the number of decayed teeth, and only when comparing moderate to mild disability in multivariate analysis (Table  2) . When controlling for all other factors, subjects with moderate disability had significantly higher numbers of decayed teeth than those with mild disability (Coef. = 0.87; P = 0.009) ( Table 2 ) but the comparison between severe and mild disability was not statistically significant (P = 0.561). Caretaker education was significantly associated with the number of decayed teeth but not with filled teeth, missing teeth or overall DMFT score. Subjects who had caretakers with College or University education had significantly lower numbers of decayed teeth than those whose caretakers had only secondary education or less (Coef. = -1.12; P = 0.008) ( Table 2 ). Whether the primary caretaker was a parent or an institution caregiver and the type of arrangement with the institution did not significantly predict any of the four oral health outcomes (P > 0.05) ( Tables 2 and 3) .
Oral health and nutrition practices as predictors of oral health
Oral hygiene practices were significant predictors of all 4 oral health outcomes controlling for all remaining factors (P < 0.05) ( Tables 2 and 3 ). All levels of brushing, with or without help, were associated with significantly better outcomes for decayed, missing, filled teeth and for overall DMFT score. Receiving assistance during brushing was associated with lower overall number of decayed teeth both in individuals brushing 1/day (Coef. = -1.94 with help compared to -1.68 without help) and in those brushing ≥ 2/day (Coef. = -2.1 with help compared to -1.87 without help) ( Table 2 ). For the number of filled teeth, receiving help during brushing was associated with lower total numbers of restorations both when subjects brushed 1/day (Coef. = 1.55 without help compared to 1.14 with help) or ≥ 2/day (Coef. = 1.61 without help compared to 1.35 with help) ( Table 2) . When controlling for tooth brushing and all other factors, the type of meals predominantly consumed (fast food or home-cooked) was not significantly associated with either decayed, missing, filled teeth or overall index. The consumption of sugars between meals, on the other hand, was a significant predictor of the number of carious teeth and the overall DMFT score (P < 0.001) ( Tables 2 and 3 ). Both for carious teeth and DMFT index, sweet consumption needed to be 2/day or more to be associated with significantly worse oral health compared to no sugar consumption between meals: decayed teeth, Coef. = 1.07, P = 0.03 for 2/day and Coef. = 3.13, P < 0.001 for > 2/day (Table 2) ; and DMFT score, Coef. = 1.41, P = 0.019 for 2/day and Coef. = 3.13, P < 0.001 for > 2/day (Table 3) .
DISCUSSION
In a first assessment of its kind in Lebanon, our study highlights the presence of poor oral health conditions in an intellectually disabled population in Lebanon -corroborating the results of several global studies associating poor oral health with intellectual disability [5, 20] . The relatively high DMFT scores described in our sample of children, adolescents and adults, averaging a value of almost 6 teeth, are similar to reports on intellectually disabled persons in several other populations [6, [21] [22] [23] [24] [25] . The high caries activity noted in our sample may be attributed to their difficulty in maintaining oral hygiene, poor muscular co-ordination, and muscle weakness interfering with routine oral hygiene procedures [26] .
Although assessments of DMFT scores in younger age groups comparable to our 6 year old sample are very scarce, the oral health situation of this age group in our Lebanese sample was worse than reported in a Brazilian sample of 5 -8 year old children [27] . Jain et al. [14] also report much lower DMFT scores in their assessed population of Indian children and young adults: 1.5 for 12 -15 year olds and 2.75 for 26 -30 year olds, and an overall mean of 2 [14] . This finding may however be explained by the fact that the entire sample was collected from one special needs school which, according to the authors, likely provides very good oral health care and monitoring to their beneficiaries. Even lower scores were reported in another study on Indian children from special schools, with a mean DMFT of only 0.5 teeth reported [29] . However, the scarcity of such studies in comparison to the vast literature reporting poor DMFT scores suggests an overall poor oral health among the intellectually disabled globally, albeit suggesting the ability to limit disease progression in well-controlled settings and with special care by appropriately trained personnel. As in our sample, several researchers have noted that the predominant contributor to the DMFT score in various disabled populations was the decayed component [23] [24] [25] [29] [30] [31] , although missing teeth were also reported to be significant contributors, especially in adult populations and with increasing disability severity [22] . The low contribution of the filled component observed in our study is an observation that has also been reported by previous studies and may be reflective of the overall lower provision of dental treatment to the intellectually disabled than the general population (and hence the greater progression of carious lesions) and also to the tendency for extractions rather than restorations due to difficulties in the behavioural management of this population [5, 25, 32] . Exceptionally, in an assessment of more than 4,000 adult intellectually disabled persons in the United States, Morgan et al. [6] reported very low scores for decayed teeth and a high predominance of filled teeth. However, all assessed subjects were part of a large state-wide program specifically established to serve persons with special needs, thereby biasing these individuals towards greater access to and benefit from dental health care [6] .
Our results bring additional data to previous research that proposes a number of individual, carer and social barriers contributing to oral health problems in the intellectually disabled [5, 33] . Several researchers have linked greater disable severity with poorer caries scores [24, 34] , a finding that was present in our sample but only in association with the number of decayed teeth as a separate entity. Although individuals with moderate disability had significantly more decayed teeth compared to those with mild disability, the comparison with severe disability failed to reach statistical significance, possibly because of the small sample size (severe disability comprising only 2% of the assessed sample). The association between age and higher DMFT scores observed in our sample has also been commonly reported in previous studies [6, 14, 23, 27] and the lack of association with gender has similarly been suggested [14] . This trend was noted in our evaluation of overall DMFT scores but also in evaluating the predictors of the decayed, missing and filled components separately, which, to our knowledge, have not previously been assessed as separate entities. Notably, two modifiable behavioural factors were associated with poor DMFT scores in our sample: oral hygiene practices and the consumption of sweets between meals, which were similarly predictors of the number of decayed and missing teeth separately. Our observations support previous research on this topic were both oral hygiene practices and the degree of diet carcinogenicity predicted DMFT scores [8, 14, 23] . Unfortunately, our results and the literature suggest that in the majority of cases, the oral health care of this risky population is often lacking. At least two thirds of our sample brushed their teeth independently without receiving any assistance from their caretakers, a phenomenon which is in agreement with reports from several other previous studies reporting [23, 26, 32, 36] . Although this may be a manifestation of non-cooperation by the disabled persons, it also reflects poorly on the level of awareness and/or motivation among parents and caretakers regarding the importance of oral hygiene and their role as caretakers in its maintenance. The associations observed in our study between assisted brushing and lower numbers of decayed teeth and higher number of filled teeth emphasize the benefit of receiving assistance during brushing both in maintaining oral hygiene/plaque removal and perhaps in identifying carious lesions and therefore seeking treatment for the disabled person. Although poor oral hygiene in the disabled has previously been associated with the type of caregiver and with institutional arrangement [5] , none of the outcomes separately or combined were significantly associated with the type of arrangement with the institution (part-time or fulltime) or whether the caretaker was a parent or an institution caregiver. Caretaker education, on the other hand, was significantly associated with the total number of decayed teeth and is a finding that echoes the associations reported between DMFT scores and the level of education of the parents in previous studies [14] . Previous studies have similarly highlighted the importance of socio-economic
status (SES) as a predictor of oral health in intellectual disabled individuals, including variables such as parent education, geographical location, lack of organizational support and overall SES category [6, 12, 36] . Supporting previous research, our results similarly highlight significant socioeconomic inequalities in Lebanon with respect to oral health indices regardless of oral hygiene and nutrition factors. Increased numbers of decayed teeth were noted in subjects residing in the South, Bekaa and Beirut compared to those in the North, the highest scores recorded in the capital city Beirut. Overall DMFT score was similarly associated with the geographical location of the institution, subjects in Beirut suffering from significantly higher DMFT scores than those from all other Lebanese governorates.
The geographical location in our sample is likely to be a proxy variable for underlying socioeconomic disadvantages that may include parental education, financial stability and inaccessibility to dental services, but the interesting finding of poor oral hygiene indices specifically in the capital is a finding that requires further investigation prior to generalization. It must be noted that only 5% of the entire sample were from institutions in Beirut and all attended one institution. It is possible that specific factors relating to this institution are related to beneficiaries of lower socio-economic status and the results may not be generalized to the whole of Beirut. The increased number of decayed teeth noted in the governorates of the South and Bekaa, on the other hand, may be truly reflective of a wider scope of underlying social disadvantages and justify the implementation of targeted intervention programs that provide relief from existing disease and prevention of future disease. There is a definite need for preventive and treatment programs aiming to improve the oral health status of this vulnerable population. Research suggests that individuals with intellectual disability would benefit from more frequent oral health assessments than would otherwise be needed in the general population [33] . The significant role of behavioural factors disclosed by our study, including assisted oral hygiene and reduced sugar intake emphasizes the need to educate parents and caregivers on their active role in participating in preventive programs to ensure appropriate supervision of daily oral hygiene. Raising caretaker awareness regarding the importance of supervised tooth brushing and limiting the intake of cariogenic substrates is a crucial step towards limiting the progression of carious diseases in the intellectually disabled population. It must be noted that despite the high response rate and large coverage of almost all registered institutions for the intellectual disability in Lebanon, our results cannot be generalized to the entire population of non-institutionalized intellectually disabled subjects in Lebanon. The limitation of target age groups to ages 6, 12, 15 and 35 -44 years, although for the purposes of practicality and comparability with similar studies, also limits generalizability to other generations. Future studies both including wider ages groups and comparing the institutionalized to the noninstitutionalized are imperative towards understanding the true state of oral health and dental treatment needs in the Lebanese mentally disabled population at large.
CONCLUSIONS
Institutionalized individuals with intellectual disabilities in Lebanon presented with poor oral health scores. There was a clear trend of increasing overall DMFT index with increasing age, characterized by low levels of untreated decayed teeth and predominance of missing teeth followed by filled teeth. Decayed teeth were the main contributors to the index in the younger groups. Geographical location was a significant predictor of oral health outcomes suggesting socioeconomic inequalities. Increased brushing frequency predicted lower numbers of decayed, filled and missing teeth separately and overall DMFT. Assisted brushing was associated with lower numbers of decayed and filled teeth. Increased sugar consumption between meals predicted worse scores for decayed teeth and DMFT but type of meals consumed showed no association.
